Full-gestational exposure to nicotine and ethanol augments nicotine self-administration by altering ventral tegmental dopaminergic function due to NMDA receptors in adolescent rats.
In adult rats, we have shown full-gestational exposure to nicotine and ethanol (Nic + EtOH) augmented nicotine self-administration (SA) (increased nicotine intake) compared to pair-fed (PF) offspring. Therefore, we hypothesized that full-gestational exposure to Nic + EtOH disrupts control of dopaminergic (DA) circuitry by ventral tegmental area (VTA) NMDA receptors, augmenting nicotine SA and DA release in nucleus accumbens (NAcc) of adolescents. Both NAcc DA and VTA glutamate release were hyper-responsive to intra-VTA NMDA in Nic + EtOH offspring versus PF (p = 0.03 and 0.02, respectively). Similarly, DA release was more responsive to i.v. nicotine in Nic + EtOH offspring (p = 0.02). Local DL-2-Amino-5-phosphonopentanoic acid sodium salt (AP5) (NMDA receptor antagonist) infusion into the VTA inhibited nicotine-stimulated DA release in Nic + EtOH and PF offspring. Nicotine SA was augmented in adolescent Nic + EtOH versus PF offspring (p = 0.000001). Daily VTA microinjections of AP5 reduced nicotine SA by Nic + EtOH offspring, without affecting PF (p = 0.000032). Indeed, nicotine SA in Nic + EtOH offspring receiving AP5 was not different from PF offspring. Both VTA mRNA transcripts and NMDA receptor subunit proteins were not altered in Nic + EtOH offspring. In summary, adolescent offspring exposed to gestational Nic + EtOH show markedly increased vulnerability to become dependent on nicotine. This reflects the enhanced function of a subpopulation of VTA NMDA receptors that confer greater nicotine-induced DA release in NAcc. We hypothesized that concurrent gestational exposure to nicotine and ethanol would disrupt the control of VTA dopaminergic circuitry by NMDA receptors. Resulting in the augmented nicotine self-administration (SA) in adolescent offspring.